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(54) THIN-FILM MAGNETIC HEAD 

(57)Abstract 

PURPOSE: To enable recording on a high-coercive force medium to 
be carried out without having partial magnetic flux saturation of 
intermediate cores since the reduction in the thickness in the 
perpendicular direction from the medium- facing surface of the 
intermediate cores is prevented by a spacer even if a life size is set 
short and to obtain recording characteristics of good efficiency 
since the leakage of magnetic fluxes can be decreased by the 
spacer. 

CONSTITUTION: This invention relates to an improvement of the 
thin-film magnetic head constituted by forming a lower core 4, an 
upp r core 9 and the intermediate cores 8a, 8b connecting these 
cores of the magnetic materials in insulating layers 3, 5, 11, the 
front surfaces of these insulating layers including the connecting 
surfaces of the above-mentioned cores being approximately flat, 
and by forming a gap 7 in the juncture between the lower core 4 and 
the intermediate core 8a. The spacer layer 14 thicker than the gap 
7 (layer) is formed between the lower core 4 and the intermediate 
cor 8a holding the gap 7 (t<s). 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head characterized by forming a spacer layer thicker than a gap layer between th 
cores which sandwich a gap in the thin film magnetic head which the front face of each aforementioned insulating 
layer where a lower core, an upper core, and the middle core that connects these are constituted by the magnetic 
substance in an insulating layer, and includes the connection side of each aforementioned core is abbreviation 
flatness, and comes to form a gap in the connection of the aforementioned core. 

[Claim 2] The thin film magnetic head according to claim 1 characterized by being material with the etching rate of 
spacer layer material later than the etching rate of the insulating-layer material which is a work material. 
[Claim 3] A spacer layer is the thin film magnetic head according to claim 1 or 2 characterized by having the shap 
of a taper to which the thickness of an edge decreased toward the gap. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translat d by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the suitable thin film magnetic head especially for high-density 

magnetic recording with respect to the thin film magnetic head. 

[0002] 

[Description of the Prior Art] First, with reference to drawing 8 , the conventional structure and the conventional 
manufacture method of the thin film magnetic head 20 are explained. A magnetic film is formed on a substrate 21 
and the lower core 22 is formed by photo lithography or etching: The nonmagnetic material 24 is formed so that an 
edg may serve as a gap (MAG) 23 oh the lower core 22. Next, an insulating layer 25 and a conductor layer are 
formed and it considers as the coil pattern 26 using photo lithography, 4 the etching method, etc. An insulating layer 
27 and a magnetic layer are formed on the coil forming face which the coil pattern 26 was formed and the level 
diff rehce attached; and it considers as the upper core 28. 

[0003] In the conventional thin film magnetic head 20, since an insulating layer 27 is formed on the coil pattern 26 
with an insulating layer 25 and a level difference and the upper core 28 is further formed on this insulating layer 27, 
whenever it piles up a layer, the level difference becomes large. For example, the thickness of both the usual cores 
is about 5 micrometers. Setting just befdre upper* core formation; when the thickness of a coil pattern is about 3 
micrometers, a level difference is 10 micrometers. It reaches. ; 

[0004] The resolution by photo lithography became extremely bad on the field with such a level difference, and the 
resolution about [ of a level difference ]- a size was a limit. Therefore, in order to make [ many ] the number of turns 
of a coil, even if it is going to form the pitch interval of the coil pattern 26 small, since resolution is bad, it cannot d 
small. Consequently; the length of the vertical cores 22 and 28 formed in the upper and lower sides needed to be 
made into size, magnetic reluctance became high by the increase in magnetic-path length, arid there was a troubl 
that a performance became bad, as the thin film magnetic head. = * 

[0005] As what solved such a trouble, there is the thin film magnetic head given in JP,3-58308,A for which these 
people applied previously. This is the thin film magnetic head 30 which formed the slot of a core configuration in the 
insulating layer by etching, filled up the slot with the magnetic substance, carried out flattening of the front face, 
accumulated it, and formed the magnetic circuit; as shown in drawing 9 . As for a coil pattern, and 36, 37 arid 38, th 
core which 31, 32a, 32b, and 33 become from the magnetic substance, and 35 are [ an insulating layer and 39 ] 
magnetic gaps. t; 
[0006] • 

[Problem(s) to be Solved by the Invention] There were the following troubles in the aforementioned thin film 
magnetic head 30, it was highly- efficient, and it was difficult to offer the reliable thin film magnetic head. ** From the 
field (slider side) where a i head counters ; with a medium to the place which a gap begins to open is usually called a 
life size or depth of gap (I in drawing 9 and drawing 10 ), and if this is large, the head life by wear will be extended. 
However, since magnetic reluctance will become large if too large, at the time of record, the leakage flux in the nos 
of cam of a gap decreases, and efficiency falls, and at the time of reproduction, in order for an output to decreas , it 
is n cessary to set rt as suitable length. For example, in the case of the floating head for magnetic disks, generally, a 
lif size is set up before and after 1 micrometer. However, since the medium opposed face of a middle core and 
vertical thickness become thin like drawing 10 so that a life size is set up short, a part of magnetic pole tends to be 
saturated:--; 1 " v " i,f,ii ; H " ,<v •'■-'■'*• ••'-> • ' - =: ' ; : 1 > ^ . ■ ■■ ■ .:-■>; .- • - ■ 

[0007] ** In order to process a core-like slot for example, by reactant dry etching (RIE) in the thin film magnetic 
head 30 like drawing 9 , an etching side attachment wall tends to serve as a perpendicular configuration, it becom s 
perpendicular [ the magnetic-substance (core) cross section embedded and formed there ], and the core for one 
lay r presents the letter of a block again. And since a ring-Hike magnetic circuit is formed as a whole by 
accumulating the core of such a letter of a block, it will have the square core cross-section configuration, and is 
hard to concentrate magnetic flux (G2 in drawing) at the nos of cam of a magnetic gap as compar d with th ''• 
magnetic flux (G1 in drawing) of th thin film magnetic h ad shown in drawing 8 . 
[0008] ' ' 

[M ans for Solving the Problem] In order to solv the abov -mention d troubl , a lower core, an upper core, and th 
middle core that connects thes ar constituted by the magnetic substance in an insulating lay r, and this invention 
offers the thin film magnetic head in^which the spacer layer thicker than a gap layer was formed between th cor s 
which sandwich a gap, in th thin film magnetic head which th front face of each aforemention d insulating layer 
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does not becom. thinnor thar I the W. s fe« I (L>l) .h.ri? ^ ■ , * """ h * spacer lhiok « r tha " ■ *»P layer 
[0010] 

esse ^ss^hTKK :^™ s r ntion is - ,ained * d °« • 

front face, it accumulates it on the sfo ^ forms 7 0,1 ^ Substance ' carries out flattening of the 

tching, and ] a magnetic ctcuit in it and Til Tltl * ° «!• c l onfi ? Jnrtlon is formed in a " '"bating layer by 
magnetic layers (cofe) whose SjiSXlSSS 3 **** ** 

SSlSiSt^^ di^e 1 :.oT wn^t r ;2r ing the r fil : magnet,c head 1 *. 

was formed in this lower insubtinTlayer 3 is fiJid un Jh '^erinsulafng layer 3 is formed on the substrate 2, and 

art? - rr ^ ,ower core 4 formed even,y 

may approach with the lower core 4*r^ consists of magnetic material, 

middle core 8a and distance so that SZc2 !S !: *nd .t isJa.d under the .ns.de which separated this 
directly. It is spirally laid under of ^ tower/core 4- 

may surround the e^re^rrtionTdZZo^ nt.nT^ £1* su ^clal coil patterns 10 

wire 13 through the conductor 12 buried 

deviceand electric connection are possib le for kStl&^SSS^S T^^layer 11. and an externa. .: 
upper core 9. . . .. .. ' «n addition. 1 5 is the insulating layer of the coil pattern 10 and the 

S IS 5. the upper f 

magnetic circuit is formed with ff ooSom co« tTSSSE* *2F** ** and 8b. and the 

thicker than a .gap (layer) 7 (thickness ti^ for^^ ^ 

small coil pattern and magnetic core ?^JTl2*!ffiKS2^ "f^* ' >^* d »~» Therefore, sine 

magnetic-flux saturation of a core and it becomes a IS, -T dra W ing) ( shprt. there is no partial 

leakage of magnetic flux can be decree .I?^^5ZX3rS 7 7 ^ *• 

obtained. Furthermore, since the magnetic field fTC h JZUL , * ' ? effic,ent record.ng characteristic is 
gap by making edge 14a of a spacTrT 4 ^ nose of cam of a 

[0016] Next. the manufacture method of& *ZXS^ 

drawings ., ' 0 "im magnetic head 1 is explained with reference to drawing 6 and 

The 1st process (A of drawing § ■)'.'. :v " i 

etching., .,' ( : V . • etc.. and slot 4X ofa core configuration is formed in it by photo lithography and 

[0017] the 2nd process (B of drawing 6 ) 1 ' * ; .... 

2^^^ formed with a spatter. : 

an xcess^S the depth of the aforementioned s.ot 4X. po.ish removes. 

[0018] The 3rd processXC of dSg6 ) * pUt> a " d * considers as the lower core 4. 

etc.byth,ckness:andtheportionwW^ 

milling, is removed. This layer serves as a spacer 14 (thickn « ? m r ^ 4 «*»..<* **f" thods, such as ion 
by making edge 14a ofa spacer M toS^S,, A f a ™« tic field can b mad steeper 

3ng,e * ^^«T2KS^ COnfigUrat, ° n ,S 6aSi,y b * ch -sing an y 

L0019J Th 4th process (D of drawingj) ) 

vs&r&gsi s g^s* Ti02 ' ■ nd wo3 *=■ - »■ "v ' »- « ™e, ere » w 
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the inside of an insulating layer 5 — a core — the same — a coil-like slot — etching — forming — conductors, 
such as Cu, aluminum, Au, and Ag, — a film is formed with vacuum evaporationo, a spatter, plating, etc., polish 
removes the upper excessive conductor, flattening of the front face is carried out, and it considers as a coil 10 
Since it has considered as the material with an etching rate later than the insulating layer 5 whose spacer 1 4 is a 
work material at the time of formation of this coil slot, a spacer 14 works as an etching stopper, etching stops in the 
upper part of a spacer 1 4, and it prevents that etching advances to the lower core 4. By the spacer 1 4, the electric 
insulation with a coil 10 and the lower core 4 is taken. 
[0021] The 6th process (F of drawing 6 ) 

the electric insulation with an upper core (9) and a coil 10 sake — Si02, Ti02, and W03 etc. — insulating layer 15 

0.1-1 micrometer It forms. 

[0022] The 7th process (G of drawing 6 ) 

Slot 8aX of anterior part middle core 8a is formed by photo lithography and etching. At this time, even the magnetic 
substance of the lower core 4 does not **********, but it leaves slot 8aX by gap length, etching is stopped 
(thickness t), and the insulating layer which remained serves as a gap (MAG) 7. Since the spacer 14 which is in the 
middle of etching and is exposed has the small etching rate, most reduction of the thickness by etching does not 
have it. 

[0023] Octavus process (A of drawing 7 ) 

Posterior part middle core slot 8bX is **********ed. At this time, slot 8bX ********** s until it reaches the lower 
cor 4. 

[0024] The 9th process (B of drawing 7 ) 

Th soft-magnetism thin film which made Fe, Co, and nickel the principal component at slot 8aX of a middle core 
and 8bX is fabricated with a spatter, vacuum evaporationo, CVD, plating, etc. more thickly than the depth of flute, 
polish removes an excessive upside magnetic layer, flattening of the front face is carried out, and it considers as the 
middle cores 8a and 8b. 
[0025] The 10th process (C of drawing 7 ) 

middle core 8a and 8b top — Si02, Ti02, and W03 etc. — an insulating layer 11 — 1-10 micrometers It forms. 
[0026] The 1 1th process (D of drawing 7 ) 

Th upper core 9 as well as the lower core 4 is formed in an insulating layer 1 1 . 
[0027] The 1 2th process (E of drawing 7 ) 

the insulating layer 1 1 of the upper layer of a coil 10 — a through hole — etching — forming — the inside of a 
through hole — a conductor 12 — being filled up — conductors, such as Cu, aluminum, Au, and Ag, — a film — : 
vacuum evaporationo, a spatter, plating, etc. — 1 micrometer It forms approximately and lead wire 13 is formed by 
photo lithography and etching. Finally a chip is cut, and it is processed according to processes, such as polish, on X- 
X line, and is made the configuration of the predetermined magnetic head 

[0028] [Example 2] A view 2 is the thin film magnetic head 1 6 which set up the gap (MAG) 7 between the upper 
core 9 and middle core 8a. In this thin film magnetic head 16, the spacer 14 is formed between the upper core 9 and 
middle core 8a. 

[0029] [Example 3] A view 3 is the thin film magnetic head 1 7 which consisted of core 8a-2 and 8b-2 between core 
8a-1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2, and two-layer Shimonaka, and set up the 
gap (MAG) 7 between core 8a-1 between the lower core 4 and Shimonaka. This thin film magnetic head 17 has 
formed the spacer 1 4 between core 8a-1 between the lower core 4 and Shimonaka. 

[0030] [Example 4] A view 4 is the thin film magnetic head 1 8 which consisted of core 8a~2 and 8b~2 between cor 
8a- 1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2, and two-layer Shimonaka, and set up the 
gap (MAG) 7 among core 8a-2 between core 8a-1 and Kaminaka between Shimonaka. In this thin film magnetic head 
18, the spacer 14 is formed among core 8a-2 between core 8a- 1 and Kaminaka between Shimonaka. 
[0031] [Example 5] A view 5 is the thin film magnetic head 19 which consisted of core 8a~2 and 8b~2 between cor 
8a-1, 8b-1, and Kaminaka between the two-layer coil pattern 10-1, 10-2, and two-layer Shimonaka, and set up the 
gap (MAG) 7 among core 8a-2 between the upper core 9 and Kaminaka. In this thin film magnetic head 1 9, the 
spacer 14 is formed among core 8a-2 between the upper core 9 and Kaminaka. 

[0032] Also in the thin film magnetic heads 1 4-1 7 shown in examples 2-5, a flat insulating layer is accumulated, and 
since the magnetic layer formed in the predetermined part in these insulating layers is connected and the magnetic 
circuit is formed, a photolithography becomes possible by each insulating stratification plane without a level 
drff rence. Therefore, since small coil pattern and magnetic core which was excellent in the dimensional accuracy 
ar obtained, magnetic reluctance is low and becomes possible [ obtaining the powerful thin film magnetic head ]. 
[0033] Furthermore, since thickness L of the perpendicular direction from the medium opposed face of middle core 
8a does not become thin with a spacer 14 even if it sets up a life size (I in drawing) short, there is no partial 
magnetic-flux saturation of a core, and it becomes a high coercive-force medium recordable. Moreover, since the 
leakag of magnetic flux can be decreased by forming a spacer (layer) 14, an fficient recording characteristic is 
obtained. Furthermor , since the magnetic field for a head point (a n ar gap) concentrates at the nose of cam of a 
gap by making edge 14a of a spacer 14 into a taper configuration, fficient writing is attained. 

[0034] - 

[Effect of the Invention] The middle core to which th thin film magn tic head which b comes this inv ntion 
connects a low r core, an upper core, and thes is constituted by th magn tic substance in an insulating layer. In 
the thin film magnetic head which the front face of each aforemention d insulating lay r including th connection 
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side of each aforementioned core is abbreviation flatness, and comes to form a gap in the connection of the 
aforementioned core Sine a spacer layer thicker than a gap layer is formed between the cores which sandwich a 
gap and the thickness of the perpendicular direction from the medium opposed fac of the core which sandwiches a 
gap with a spacer does not become thin even if it sets up a life size short Since there is no partial magnetic-flux 
saturation of a core, it becomes a high coercive-force medium recordable and the leakage of magnetic flux can be 
further decreased with a spacer, an efficient recording characteristic is obtained. 

[Translation done.] — 
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